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or less limited areas elevated the State average much 
above a representative value, thereby giving large 
departures from the normal and correspondiiigly sniall 
computed yield. 

To overcome tlie difficulties resented by such abnor- 
mal conditions, it is be.lieved t f at  in correlations of this 
character, especially for limited areas and for regions 
where tlie sumiiier rainfdl frequentely occurs in excessive 
amount,s, some method of considerin €or such escessivc 

soil, so far as this can be ascertained, should be dcvised. 
While it may not be pract:ic.able. to ascertain these 
proportions definitely, yet by actual niensurement of tlie 
water cont,ent of the soil a t  frequent int.ervals, or by 
measuring this .cont.ent before and after rainfalls of 
varying intensit,ies when runoff occurs, the rellation of 
intensity of fall to runoff could robably be approsima.t.ely 

actunlly measure the runoff for selected limit,ecl areas 
where drainage is effect.ed at. n single point, by measuring 

falls only t,liat portion that is actun % y absorbed by t,lw 

deteriiiined. Also, it probab 7 y would be feasible to 

FIQ. 9.-The solid llne shows the actual departures of Field from the average, axpressed 

$ha broken liue shows the values computed by the application of equation (4) to 
in oundsperacre. 
the departures given In Tahlu 3. 

9 
the actual discharge a t  that point and reducing this to a 
uniform equivalent of water depth over the entire area. 
Again, an a proximate relation iiiight he estddished 
bs careful, c e irect, or personal ohservnt,ions of soil con- 
&tion and approximate runoff for fdls of -varying int.en- 
sities, and the knowledge thus acquired c~oulcl he u t.ilizec1 
to advantage in compiling precipi t&on el$% for corrclat- 
ing purposes, as iiiost original records indicate the time of 
begliming and ending of each rain nncl the t,ot.al fall 
recorded. While only the ap rosininte relation between 

unquestionably it would afford better values of rainfall 
for correlating purposes than are ob tabned by nccep t,ing 
the recorded totals, irrespective of w1iet:her the entire 
amount was retained by the soil and ut.ilizec1 in the clerel- 
opuent of the plants, or a large proportion lost by runoff. 

intensity and runoff c.ould be o t t,aineel by this hst met,hod, 
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INTRODVCTION. 

More and more nt.t,eiitioii is heing piid to the rclation 
between climatic conditions m e 1  llunt rowtli by stu- 
denta of agriculture, forestry, and c i ?  mato ogy. Progress 

in p1a.n t physiology and in agric.ulture, ecology, and for- 
estry has made it quite clear that t.he growtli of plants is 
definit.rly relntrcl to the n:tt.ure of the eiiviroiimeiital 
conilitious. This rinciple lim becii most successfully 

usc of Icrtilizcis;. c!t,c. 1Leg:irdiiig t,lie rclutions between 
the plii.iitr nncl its en vjroiiiiicnt3 above tlic soil, however, 
req-  lit,t,le Iian yet. hecii ncconiplisIied. Tlicsc surround- 
ings of t,licl plnnt. ahow t.lic soil are the conelit,ioiis usually 
t.erulci1 cliiiin t.iv, uiid tliey have been very thorouglily 
stuciicxl by cliiii:ttologists, but c.limstt.ologicd atudp has 

conip;u’nt.i-re st.udics of plant p!lenoiueiia, such as Sinldarli growt, , , 
seldoiii iincl plant, riht,ioiis as its niaiii aim. 

resplriitinll~ ~~lii~t,os~-iit.lirsis, and seed production, havo 
not usudly 1iec.n carricd out with the idea of relat,img 
them direct.ly t,o dimatme. It is thus not a t  all surprising 
t-hat thc data. of climat.ology nnd those of plant ecology 
hsvc iwt. Iwen m r y  snt.isfnctorily correlnted. 

roblem 
of t,bc climatic reiat,ions of plants by inet~iods w R ich are 
especially pl:iniiod t.0 hriw out, as far :is niay be, possi- 
ble cordations l,etwiwi tyie plant. rocesses on the one 

here t,o lie coiisiclerccl is a prelirninnry aiid rather tenta- 
tive attempt in t.liis direct,ion. It was carried on under 
thc auspices of t,he Marylmd St.nte Wed ie r  Service, to 
tbc director of which, Prof. William Bullock Clark, t.he 
geiierd llrojwt owes it.s beginning. The work w-as under 
t,he inimec1iat.e direction of Prof. Burton E. Liringston, 
t.o w!inni t,Le writer most gmtefully acknoivlledges hs in- 
dcbtcrclness for his sugmest,ions and n.ssist,ance both in 
planning the st,ucly B I I ~  in presenting the result,s. The 
a.ut.lior also espressrs his thunks to Dr. Oliver L. Fassig, 
of t.110 United Shtcs  Wedier  Bureau, for valued assist,- 
ti.nce in prc1sent.ing ancl iiiterpret,ing the wea,tlier data ; 
nnd his most sincere appreci:i.tinn to the eight, coopera- 
t.ire ~vi~at.hcr ohservers, who not only vel kindly per- 
mittecl us to use their privat.e grounds for t z e esperinient 
plot,s, but also kcpt special records in addition to the 
regular n ~ a t h e r  observations. We mention wit,li deep- 
est rccrret! t,hc loss of oiie of t,he observcrs, Mr. J .  s. Harris, 
of Cofc.iii:iii, Mcl Tlic o t h r  ohservers who assisted in 
this study a.re Prof. A. F. Gdbrcnth, Dn.rlingt,on, Md; 
h e .  J. H. Ilnmscln, Monrovia, Md.; Mr. D. P. Oswald, 
Chewsdle, Md. : President H. J. Pntt.erson, Collep Pnrk, 
Md.; Mr. H. Shreve. Easton, Md.; Mr. J. R.’bt,ewnrt, 
Princess AIII~C, Md.: a.iiel Mr. R. E. Weber, Oakln.nt1, Md. 

Tlir previous work of the Mn.ryl;i.ncl State Weather Serv- 
ire eseiiiplifiev t.he st,nt,eiiieiit made above that ecological 
aiid climatic st,udies Iia-ve usually been msde c uit.e inde- 
lmidently of one another. “The Climat,e and Weather 
of Bdt,iniorc,” by Oliver L. Fnsai , sncl the “Climatology 

lete stmudies of the climate of the State, and Dr. Forrest 
&irrvl-’s “Plant Life of Maryland” represents a corre- 
s ,oncling study of the clistribution of types of vegetation. 
h i e  fact, t.1ia.t itlarglaiid ]ins receivecl such thorougli and 
careful at,t,eiit,ion from t,liese two p0int.s of view makes it 
a pa.rt.icularly suitable area for compnmtivc work on 
the rohleni before us. 

T%e study here reported was begun in the summer of 
1911, ancl the work of the first season WRS devoted 
largely to perfecting a.nd test.ing methods, so that, this 
paper mill deal primarily with met,hotls of inves tigntion 
;ind of interpret,ing results. 

It wns planned to bring out t.liree sorts of relations 
hetween plnnt. growth ancl environment: (11 The efTec.t of 
local influences of climatic conclit,ioiis due to difl’erences 
in topography, altitude, soil, and exposure; (2) the effects 

applir~l to s t iirlies P wariug on irrigation, sul tivnt>ion, the 

I t  6lirreforo npocnrs desirnhle t.o attack this 

liancl and climat.ic conditions on t, P ie ot,lier. The work 

of Maryland,” hv Mr. F. J. W 2 z, represent very com- 



66 MONTHLY W E A T m R  REVIEW. FEBRUARY, 1915 

of seasonal influences, as between spring, midsummer, 
and autumn; and (3) the effects of other influences which 
are nonperiodic in character and unrelated to either lorn- 
tion or season: For the coniparison of lant, growth and 

cooperative Weather Bureau statiolis were seleckecl, four 
near the shores of Chesapeake Bay and five inland, clis- 
tributed from the coastal pla6n to the Allegheny plat,eau. 

cimatic condltions in different parts o P the region nine 

METHODS. 

I t  was planned to carry t,he experiment through the 
entire frostless season, in order to ascertain the march 
of plant rowth and of climatic c.onditions tliroughout 
one perioc Ei of active plant growth. The last occurrence 
of U i n -  frost in spring is about A ril 15 along trlie 

Alleghenies it is about May 15.’ There were, however, 
delays in securing nnd installing the necessary equi - 
nine stations here employed were not macle until the 
h t  week in May. Thus no h i t  records were sccured 

coast stations, but at  the other stations the season 
begins about May 1 or lnt,er, so t,hat the first plant,ings 
were uite enrly enough t,o precede the beginning of tlie 
noma. Y frost,less season a t  t,hese latter stations. The 
observations were continued until the occurreiico of 
killiig frost in autumn, at  each station. 

In  order to compare t,hr gr0wt.h of plants to clinia.Oic. 
conditions in different, locnlities, i t  is necessary t,liat> tlic 
lants studied in each place s h d  be similar, bot,li in t.lieir 

Eereditar y tendencies and in their general physiological 
condition at  t.he be inning of the esperiment,. There- 
fore it is not possib B e t.o use the general rate of growth 
of field crops, in any two localities for any given time 
period, as an indication of t,he relations esist,ing het.ween 
plant growth and tlie climabic conditions a t  these st.a- 
tions. The seed from which the fielcl crops were start.ed 
would probably he of different st.rains, c1uit.c unlike in 
their res onse to es te r id  conclit,ions mcl, wen if t.he 

almost surely be different, due t.0 differences in non- 
climatic fackors of the environment. Furt,hermore, i t  is 
practic.dy impossible to kid soils in two widely sep- 
arated localities which are alike, either in physicd char- 
acter or in fertility. For these aiid ot,her rea.soiis, pot 
cultures were used in this study. 

Plants of selected stra.ins of wheat, maize, soy hem, 
and Windsor bean (T%+r.fnZ~.., L.) were employed. Tlic 
plants were grown in 6-inch pots. One pot culture of 
each species was started in each locality, approsimately 
every two weeks, and each cult.ure was continued for 
four weeks. Thus the culture periods overlapped, so 
there was always left a corres oncling culture but two 

harvested. The avora e growth of all of the p1ant.s in n 

rate; this tended to overcome errors which ot,lierwiss 
might have arisen from individual variations of the 
plants. 

The soil used was bhe sanie in all cult;ures, being of 
the type classified as Norfolk sand by BonsteeL3 It was 
aU obtained from a single locality, near the railway 
station at  College Park, Md. I t  IS a modern.t,ely fino 

1 A very full disrmssion OS the len#$h OS the frostlcy 8eason in Maryland is given in 
Baanlg Oliver L The riod of safe plant growth rn Maryland and Delaware. Yo. 
w E A ~ E R  ~ E v . , * i g ~ .  h 15’3-158. 

2 Bonsteel, Jay A.. The soils cf Prince George‘s County. Bnltimore, 1911. IYnrylmd 
Geological Survey publ.). 

shores 07 Chesapeake Bay, while a t  t i e  r summit of the 

ment, so that, the first esperiniental pla.iit.ings at  ta K e 

for the first three weeks of t E e frost,less sea.son a t  the 

seed use R were t.he same in b0t.h places, blie p1wt.s would 

weeks old at  the time each cu f ture four weeks old was 

culture was used in eac % case, as a mea.sure of the growth 

._ . 

sand, with a water-retaining power of 43 per cent, by 
the Hilgard test,.s The top soil wa.s renioved from a 
sniall area to a depth of 6 inches a.nd wns thoroughly 
niisecl niid sifted. It was laced in sacks and shipped 

condition, in covered wat.er-t,jght ca.ns, until usecl. 
Specid precautions were t.aken so that the soils would 
be 8s netwly nlike as possible, in both t,est.ure and condi- 
tion, :it t,he beginning of all cultures. By kcoping .it 
dry aiid isolnt.ing it, from t.lx sui-rounding soil it, WRY, 111 
a nieiisiIre. prevcnt.od from becoming grea.t,ly moclifipd 
by any chemicnl or biological qpicies peculiar to the 
diff erelit locnilbies. The culturrs were each of too short, 
duration to atlniit of very great modificat.ion of the soil 
durin t.hc duration of any single cult>ure, due t,o such 

Having thus provided soil of npprosinintely uniforni 
propwt.ics for use in the different locnlit,ies, the nest 
miport.ent step was to put i t  into t,lie snnie physical coil- 
dition in :ill cultures, and to have i t  d l  in such condit,ion 
that it, would well retain its structure t.lirouali the course 

soil condition for plant growt,li has generally hecn clem - 
onst.rnt.ed by avricultural espcrinien ters to he one of 
loose tilth. Un?ortunntel , however, such nn ideal con- 

exposed to the wra.t,her. fivery rain packs the soil more 
or less, and heavy ones coruplet.ely sat,urat,e it. Tliere- 
fore ench pot of soil liere usecl was completely sat,urat,ed 
and tillowed t,o setkle before lantin t,he seeds, tlius being 

most favorable one for plant growth, was stil approsi- 
niately unifoi-rn for all cultures at  tlie start and WAS not 
grca.t,ly modified during the course of any of the esperi- 
nients. To prevent too great drying betwecii rains, 
porous-cup auto-irrigators were used to supply mois- 
ture to the pots. As here eniployecl, the instrunieiit con- 
sisted of two porous clay cu s (of tlie common form fur- 
nished by the “Plttlit Worlf”) joinel t.0 each 0 t h -  a.nd 
to t.he wat.er reservoir by g b s  tubes. The cups were 
rert.icii.1 in the 6-inch pots so that! their tops were level 
with the soil sui-face aiid were so arranged iis to supply 
water to t.he soil under a pressure of less than an a.tmos- 
pliere. The diff erence‘ between the pressure upon the 
water in the cup and that in the soil was overcome by the 
capillary attraction of tlie water filnis in t.lte soil. In  all 
t,lie esperiments of the past season the reservoir stood at 
a lower level than the pots, so that when i t  was full the 
witt.er level was 14 inches below the soil surface. 

maintained at n mininiuin of approsinlately from 10 to 
13 per cent, calculated on the basis of the dry weight of 
the soil, n condition rather too moist than too dry for the 
best growth of t,he plants. The soil of the cultures often 
showed a moisture content immediately after rains as 
high as 23 per cent, which was the approsiiuate masinium 
wa.ter-retuiaing power of the 6-inch columns of soil in the 
pots, but it never was allowed to become very dry be- 
tween ruins. 

The pots were plunged to such a depth that their soil 
surface was level with the surroundina soil, in orcler that 
the soil tenipcrnture in the cultures & o u ~  approsiluate 

to the different st.attions, w P ime it  WB.S stored in a.ir-clry 

specin 7 local influences. 

of a t.est lasting one month, while esposea to vnr 

dit.ion ca.n not be uniform 4 y nin.int,ained in soils that are 

brought, into a conclition w f L i  iich, w iile probabl not the 

concMoiis of rain, evaporn tion, niid sunshine. The 

P 

By t,his arrangement the soil moisture in the pot.L Q WtlS 

_ _ _ ~  
3 Hilgard. E. W., Soils, their formation, properties, and compositlon. New York, 
*Livingston, E. E., A method for controlling plant moisture. Plant world, 1906, 11: 

Hawkins. Lon A., The porous clay cup for the automatic watering of plants. Plflnt 

Trahsea;, E. N., Apparatus for studying comparative transpiration. Bot. gae., 1911, 

1911. p. 2w. 

39-40. 

world 1910 18: 23-27.  

Ld: 5440. 
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that of the soil around theni. The culture soil was iso- 
lated from the surrounding soil b waterproofing the p0t.s 

end of the month. The entrance of soil water froin wit.11- 
out and of dissolved salts, could not have bcen great in 
any case, however, for the soil inside the pot,s was always 
niuch moister t.han the surrounding soil; thus any water 
movement through the walls of the pots should have been 
outward rather than in the opposite direction. Tliesa 
matters of soil and soil nioist.ure require somewhat detailed 
at,tention, for these two factors :tppear very frcquent.ly 
to be the most influent,ia.l oiics in det.ermining plnnt 
growth in this region. They must be ab lcast parti:tlly 
controlled before the effects of other factors upon culture 
plants may be studied with any how of satisfactory 

trollin soil moisture one of the direct effects of the fac- 

Four climatic factors were here considered-rninfall, 
evaporat,ion, temperature, and sunshine. Tlie records of 
temperature and rainfall were ob t.ained from tlie ohserva- 
tions of the cooperntive Weather Bureau dxcrvers, the 
cultures being located close to the sttAons. The average 
air temperature during each espcriment \\-as comput,ed by 
the forniula 3 (mas. + min.), the self-recording thermome- 
ters being read daily at sunset. The ra.infal1 measure- 
ments were sumnied for the experiniental wriods. 

record of the nearest regular Weather Burwu station. 
Those of Washingt.on. D. O.,  and Bdtiniorr, Md., were 
combined a.nd the average of tlie sunshine of t.liesc: two 
stations was used t.o represent the ml conclit,ion in 

W. Va., were siinilarly used to represerit tbe sunshine in 
the Oakland region. These were used in preference to 
the locd observers’ est,inint,es of clear and cloucly days, 
because they are niuch niore clet,nilecl and less affected 
by differences in indiviclual judgment. The great sinii- 
larity between the two kinds of records for t,he smie 
general area seems t.0 just.ifg t.liis a.pplicat,ion of t,he inst,ru- 
ment.al records of sunsliiiie at  a few st,ations to m i  es- 
tended rcyion. Tliesc inst,rument.:il records arc only ap- 
prosimat.ions of the effectiveness of sunsliiiie in promoting 
plant growth, as the Miirvin instruiiient (Marvin sunshine 
recorder) begins t,o record sunshine when the intensity is 
above a certain arbitriiyj- mininiuiii, and recorda no 
sunshine when the int.ensity is helow this. The inst,ru- 
ment thus t.akes no account of the. absolute intensit, of 
the total solar radia.t,ion or of tlie relative intensit.ics o 9 the 
different wave-lengths of light, both of which are im- 
portant in t,lieir effects upon plant processes. The 
records of sunshine used, however, are the best that are 
available at  present. The number of hours of sunshine is 
used as a basis for coniparison in preference to the per- 
centage of possible sunshine, because t.lie iiuniber of 
hours of possible sunshine, u on the basis on which tlie 

tain percentsge of possible sunshine in June indica.tes 
a much longer clurntion of sudiglit t,lian does the same 
percent,age in April or November, for iiist nace. 
In these experiments a rain could oxrnte  as  n dis- 

supply of moisture. Of equd iniport.n,nce with t.he water 
supply of plants is t,he wat.er loss from theni. IIost of the 
water loss of plants occurs by evaporation, mid its rat,e 
depends in part upon surrou~icling ntniospheric condi- 
tions. This eva oration was here measured by means of 
standardized c Endrical porous cup atmometers of Liv- 

on the outside, but this coating t ccaiiie lenky before the 

results. Of course it is to be reniem I!) e r d  tha.t in con- 

tors o H rainfall and evaporation was modified. 

The sunsliine c1at.a were chtained from t f ie instrumental 

the region around Easton , Md., and t. f”” le records of Elkins, 

latter is computed, is a varin I; de qu:tiit,ity. This a cer- 

turbing influence only by increasing a11 a I rea.dy- :i,bunclnnt 

ingst,on’s t,ype P urnished by tlie Plant, Worlcl. 11 t nioiiie t.er 

readings were obtained a t  every visit to the stations, 
about once each fortnight in each case, and all readings 
were reduced to standmd values for comparison, by cor- 
rection to Livingston’s standard cylindrical atmometer.5 

ESPERIYENTS AND RESULTS. 

The result,s of this study are not yet all corn uted, but 
tlie methods of procedure and the kind of rem P ts secured 
can he best set forth by concrete examples for n single 
plant form and for the 6wo stations having the greatest 
differonces in clim:i.tic conclit.ions. The relation between 
the dry-weight procluct,ion of soy bean plants grown one 
111013 t.h from seed, niid t,he observed weather conditions. 
a t  Easton a.nd at Oakland will alone be presented here 
These two stations are in estremc locations. The 
Enston st.cttion 011 the eastern shore of Chesa eake Bay, 
the low flat coastal plain, 1ia.s a mild, equab f e climate, 
with a siiinll daily mnge of t,eniperature. The Oakland 
st>ation, on the other lin.nc1, u on the gently rolling table- 
land at  the suiiiniit of the x Ilegheny IIountains, 2,500 
feet above sea level, is on a moderate south slope near 
the bottom of a shnllow streani bed. It has a more rig- 
orous clinint,e than Easton, with a rather large daily range 
of temperature. 

A coniparisoii of growth rates of a single species during 
a single season does not, of course, furnish a sufficient 
basis for a general comparison of local differences in 
climate between two localities, and this phase of the 
problem can iiot as yet be discussed. The present paper 
will therefore dea.1 mainly with comparisons of the sea.sonal 
differences in growth of soy bea.n plant,s a t  the two 
st.titions, and of the clinint,ic conditions under which these 
differences developed. 

Tlie production of clry matt.er (solicls) in soy bean stems 
and leaves is used here a.s a niemure of rowth, as it 

ccsses of plant nutrition. Growth in height, leaf area, 
gri’eii wei lit, etc., are a t  least v t ly  dependent on the 

turgor conditions in the plant tissues, but water is surely 
iiot :IS iniportmit :t coniponent in the filial yield of the 

ant as is the amountv of dry niaterial accumulated. 
k i s  1& 61 t.t.6-r is quite a.ccurat.ely gaged by measuring the 
result.ing clrp weight. 

The results of t,hese measuremen ta , expressed in graphic 
form, are shown in fi ures 1 nad 3. The ordinates of the 

and the abscisss represent time and season, being the 
dates of harvest of successive cultures. Thus each graph 
shows the successive values of a single indes ns it vanes 
tlirouvli t,he season. All of the data of a single station are 
assemhecl in one set of raphs, those of figure 1 referring 

of figure 3 to Easton, where 12 cultures were harvested. 
All d u e s  linve been reduced to a clay basis. The age of 
each culture when harvested was approximately four 
weeks, but trhe growt,h eriods of the successive cultures 
overlap so that one was Earvested about every two weeks. 
The n.vera.ge daily growth rates of the different cultures, 
in niillignins of resulting dry weight, are shown by the 
lowest gra h ns points whose abscisss are the dates of 
harvest. 1 horizontal line estending to the left of each 
point represents the length of the growth period for each 
culture. All the remaining data are computed as aver- 

appmrs most3 nearly t,o suiii the result,s o F all the pro- 

nniouiit o f swelliiig clue to imhi t ed wnt.er and resulting 

graphs are values of t i e  7 different weather and plttnt data, 

to Oakland, wliere S cu 7 tures were harvested, and those 

6 Livingston. B. E., B rotating table for standardizing porous-cup atmometers, Plant 

Atmometrymd theporouscupatmometm. Plantworld. 1911, IS: 31-30. 
%tmospheriv iufluicwe opou evapomliun :mal its rliiucl meluuremmt, to a p  

world, 191?.15: 157-1132. 

pexr in  MCJNTHLS WEATHER REVIEW, Much, 191.5. 
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ages for periods corresponding to the culture periods. 
Rainfall is expressed in terms of depth in fractions of a 
centimeter er day; soil moisture is espressed as a per- 

pressed as cubic centimeters of loss from Livingstou's 
standard atSmomcter; sunshine is es]>rrused as the number 
of hours of sunshine per clay; and t.emperat,ure is expressed 
as the average daily mean tenipernt.ure [+(mas. + niin.)] 
in Fahrenheit degrees. Each climatic fact>or is thus 

centage of t fl e dry weight of the soil; evaporation is ex- 

FIG. l.-Envlmnmental randitions and L!owth in drv .weight of SOY bean, f?aklnntl 
Md., 1914. Tcmpcraturos 12.: cvq.ontinTi from i,i\ mgston's ntmoinrtt'r In mhii 
centimeters. 

measured in its own kind of unit. It is obviously im- 
possible to express these incommensurable nirtgnitudes 
in the same unit or in units that are in any way related. 
By espressing all the magnitudes of each single graph in 
terms of tshe actual niayiit;ude shown for some gken 
period, the sanie period being thus used as a basis for the 
reduction of all grsplis, the slopes of the gaplis might he 
rendered comparable, but t l is  iiiode of treatment has not 
appeared requisite here, except in two cases which will 

receive attention below. Comparisons between these 
graphs are to be made onl with respect to the times of 
occurrence of inasima an (9 minima, and with respect to 
the reJative directions of their slopes, whether upwa.rd or 
clomiw a d .  

The averages here employed do not, of course, bring 
out the estreiiie fluctuations in conditions wliich were 
recorded. Wliiln it is possible, and indnerl very probable, 
that the estrernes of conditions within the vowing sea- 
son map frequently affect tlic >Innts in n m&ed manner, 

simplest and most direct form of treatment,, and i t  seems 
best adapted to a preliininnry study such as this. More 

yet the method of aritlinicticn 1 atocrnging here used is the 

Fig. 2.-Enriroomental condiflons snd growth lu dry w i p h t  of soy hem, Easton, Md., 
1914. Tamperaturm F.; ernparation from Llvlngston's stmometcr In cubic cent& 
rnotm. 

refined treatment of tlie data, taking account of tho inter- 
diurnal nut1 diurnal variations of ternpernturc, etc., is not 
yet, 'ustifietl. 

TIio iiiovt evident features of both series of raphs in 
figures 1 and 2 are the increasing growth rate of t 7 ie plants 
in the s ring and tlie decreasing rate in the autumn. 
F O ~  0n1&iid the growtli rate follows an almost uniform 
seasolid curve, rising to  a crest between the nliddle of 
.June and the middle of July. For Easton the seasonal 
relation is less regular, there being a de ression of the 

but the sanie general relation to season is evident for 0th 
stations. 

rate in ocirlg July while the crest IY reac Pl ed in Aupdust, 
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Each point, on these two aphs of drg-weight incre- 

plants. Each culture consisted of from three to sis plant.s, 
with an average number of five. These are all weighed in 
bulk, so that variations in the dry weight of diiferen t incli- 
viduals of a culture ca.n not be sscertmned. Various other 
measurements of growth showed, however, R general 
agreement with those of dry weight., and from the former 
measurements it is possible to et an idea of the mnge of 

ture. For esample, the average leaf lengt,li in each indi- 
vidual plant at  the age of two weeks exhibited a n1ea.n 
deviation from the average, among individuals of tht. .3 n M C .  
culture, f l l  per cent. Since there appears to be a close 
relation between t'he two plant diniensions, average leaf 
length and total dry weiolit of stenis and leaves, it  is per- 
haps safe to suppose &at, the individual variat,ions in 
dry weight within the same culture may have been of 
about the above magnitude. 

Whether this assumption is really just,ified or not, t,lie 
individual variations are so small are so ma,U t,h:it. it! 
seems im robable the averages for tlie cultmiires might, be 

fore, to consider the nirtrked seasonal variations in growt,h, 
as indicated by the dry weights per culture, were rttlnt,scl 
to cliniatic. conditions rather than to unlinown condit,ions 
bringing about. individual variations among t.he p1mt.s. 
These seasonal variations in growt,h of sop hean p1ti.n ts 
show a range from 0.024 to 0.059 gram for t.he 0:i.kland 
station and from 0.006 to 0.076 

Considering the latit.ude of l!%yland, which lies be- 
tween 38' and 39' 45' N., and its humid, coastal cliiiiate 
with the rainfall normally distribut.ed ril.t,lier erelily 
throuohou t the year,e the sunlight in tmsi t.p and t.einpera- 
ture s%ould suffer the most important, seasonnl c1i:uiges. 
The summer of 1914 WM rather dry, but this fiict does not 
appear t,o have influenced tlie dry weight product.ion here 
considered. The graphs of rainftdl, soil nioisture, mil 
evaporat,ion show no apparent direct reltit.iou to the w i t -  
sons1 changes in t,lie growth rat.e. T h e  niitin rffert. of 
rain upon plmt growbli, as this would occur in t.he ficltl 
(t.list IS, the influence of increased soil moisture at, times 
of rain and that of drought during longer periods with- 
out rain) wm not met with in these nuto-irrigated cultures. 
As mould be espec.ted, therefore, t.lie graphs show no 
apparent relation between the seasonal variations in 
growth rate and the observed variatioiis in either soil 
moisture or precipitation. 

Neither does t,he graph of eva orntion eshibit any 
observable parallelism to the rap1 of clry weight; ap- 
parently the plants were so we I sup lied with wtiter at, 

condit,ion as here shown, were without sensible effcct iipoii 
the rate of production of dry substance. Likewise, t,liere 
is no discoverable relation between the number of hours 
of sunshine and the dry weight. It is to be noted that, 
the sunshine graphs in figures 1 and 2 do not show any 
seasonal trend. 

Tmperaturc.-The remaining climatic. influence here 
to be considered is temperature, which is quit,c difl'erents 
from tlie others just mentioned in that there appears to 
be an unmistakable relation between its intensity and 
the recorded growth rates at both stations. For Oak- 
land this relation is very evident (see fig. 1); the maxima 
of both graphs coincide, as do also their niiniiiia, and the 
eneral directioli of slope is the same for both graphs. 

h e  only vesy apparent discrepancy between these two 

ment represents a distinct cu T ture and a separate lot of 

individual variation between t 9 ie plants in a single cul- 

very mar i: -edly affected by tlieni. It seenis safe, there- 

ani for Easton. 

their roots that the comparatively slig By it variations in this 

-____ 
4 See B. C. Wallls in this REVIEW, January, 1'Jlt,48: 11-23. - c. A. jr. 

graphs occurs in the case of the culture harvested on July 
30 (column 7/30 in fig. l) ,  when the average daily mean 
temperature was the smie as in the preceding culture, but 
t-he growth rate fell from 0.59 gram to 0.045 gram, a 
decrease of 19 per cent. This decrease is erliaps to be 

ot'her cliniatic condit.ion, or to a less equable variation of 
temperature in the latter case. 

For Enston (fig. 2:) the relation between mean daily 
t,eniperature and soy bean growth is less consistent in 
some respects, but t,liere is the same general agreement 
liere a,s at Oakland. The highest growth rate occ,urs wit.h 
high temperatures, from tlie niitlclle of Jill (7/30 in fia. 2) 
to the last of August (S/31 111 fig. 3), and t Y ie descent &om 
this to the end of tohe season is quite regular for both mean 
teniperature and growth rate. In the early part of the 
senson t.liere are three apparent discrepancies. The tem- 
perat,iire rises from the first to the second period (6/8- 
6/22), while the growth rate fds. Also, in periods 4 and 
5 (7/20 and 8/31! a t  t,he highest, t)emperatures tlie growth 
rnte fdls off. Thus,. while there is a general agreement 
be t,ween the average daily me:m teniperaturea and the 
gr1wt.h rates, these two woups of c1itt.n disagree somewhat 
in four of t,he twenty cuftures grown ttt t,he two stations. 
The inforimtion a t  hand is not sufficient to attempt an 
ex hnat ion of these disc.repniicies a t  present. 

jl'lie plot.t,ecI waplis in figures 1 and 3 assist in coni ar- 
ing the genera€' t,reiid of the different eleiiients as t R ey 
vary t.lirough the se:~son, but t,liey do not pernii t! us to 
conip~re t'he slope vnlat~ because they are necessarily 
plott.ed on different scales nnd the u1iit.s are not com- 
mensurable. To m n h  them comparable, they may be 
reduced to t,erins of n coninion unit statino them in 
percen t a p s  of the values of some single pc?rioX taken as 
:I hnsis. For t,liia purpose t.he teniperature and the 
dr weights for period 6 iS/31 of fb. 2 )  at Eeston are 

highest growth rate. a t  Easton. It is clear a t  once that 
the zero of the growth rat,e does not nt. dl correspond 
t,o t.he zero teiii >erat.ures of the Fahrenheit thermometer 
scale, m d  there i ore one or both of the two series of data 
must. be so modified as to imke t,lie two starting points 
as nearly siiiiultmeous as possible. Various investi- 
gntions have shown that growth ceases in many plants 
when air temperatures are bet'ween 40" and 43'F. 
Therefore, 40°F. may he tentatively' considered as the 
point on tlie Pitlmnlieit thermometer scale correspond- 
ing to t,he zero of plant growth. By subtracting 40 
from each daily mean temperature as in figures 
1 and 2, the respective reniainclers niay e taken aa the 
'' effectire t.eniperntures"7 as f a r  as Towth is concerned. 
This simple sub traction seems to %e here permissible, 
since the tinily mean temperatures clurina the season 
here dealt wit,h were never below 40°F. %his method 
is somew1izi.t similiir to that frequently employed by 
phciidogist.s, of sumiiing tlie daily mean temperatures 
above a certain teinperature value, and comparing this 
t.0 t.lie time required t.o complete a given growth rocess. 

nologists have eniployed summations for the entire period 
of c)Lservation. Tliougli the writer knows of no ex eri- 

soy hean plants it appears best to employ the temperature 
vdue 40°F. as the zero point liere required. The growth 
of the p1ant.s and the corresponding temperatures are 
computed on the above basis and set forth on the graphs 

att,ributed to some uiiknowii influenc.e, per f laps to some 

t,a l -en as the respcct.ive iinities, ns tks period shows the 

Here, however, rates per day are used, while t i e  I! phe- 

ment,s upon the re1at.ion of tempertiture to the growt Yl of 

-___. .- 
7 This term "effective temperatures" lspere used in a sense widel divergent from that 

rcvordrd in Abbe-"Hclatlon Letween clmate and crops, 1W. (6. B. bull. 36) p. 110. 
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of figure 3, which are arranged similarly to those of 
figures 1 and 2. 

- 

As was evident in figures 1 and 8 ,  blie graphs of effec- 
tive temperature and -dry w-eight produFti6n show the 
same eneral t.rend, this sinii1:wit.y being xiiore marked 
at Oahand than at  Enston. The lowest growth rates 
occur in tlie early and late ,arts of the seztsson, with the 

recorded for the in tervenin period of higher tempera- 

2 is here clearly browlit out: While the teniperature 
gra hs for Oaklancl an8 for Enston awe roudily a.ridlel 

responding section of the latt.er, wliicli xiieaiis siniply 
that the “ effective tempernture ” hides for tlie Oaldantl 
station was always lower than the corresponding indes 
for Easton. This difference is by no nieniis constant, 

lowest temperatures, and t. I ie highest growth rittes we 

tures. Another point not s K iown at  all in figures 1 ani1 

eacR section of the former lies eiit,irely h&w t r ie cor- 

9; 

43 

FIG. 3.--“Temperature Indices” and growth of soy bean, Easton, hid.. and Oalilsnd, Md., 
1914. 

but has a value of approxiniately 30 throughout. the 
eriod common to the two temperature graphs, i. e., 

following the notation here employed, the temperature 
efficiency for plant growth a t  Oitdnnd was, throughout 
the eight Oakland periods, iibout 30 per cent (of its value 
at Easton for the sixth Easton period) leas than it was 
a t  Easton throughout t,he corresponding eight periods. 
For these eight common periods t,he teniperature grttpli 
for Easton exhibits values increasing from 88 to 100.5 
and then decreasing to 75, while the corresponding ni:wch 
for Oakland is from 65.5 to 75.5 ancl then to 60.5. It is 
to be remembered that these magnitudes are all obtained 
by assumin “temperature efficiency” for growth to be 
proportionaf to the temperature above 40°F. and by 
considering the sixth period a t  Easton to be 100. 
In this connection it is to be noted that the season of 

observation began one period later and ended three 

periods earlier at Oaklltiid than a t  Easton. The early 
cessation of observations at Oakland was caused by the 
occurrence of killing frosts a t  that station. The three 
additional periods at Easton show a continued decrease 
in temperature efficiency as here calculated, and the 
last “iiiclex” hn.s il value of only 53, which is 8.5 lower 
t.lian the lnst “ i d e s ”  recorded for Oakland. This 
point illustrates :in n.p mreut,ly iinport,ant feature of the 
seasonal climat.ologv o I these two stations. The station 
with the short.er frostless season is deficient in total 
“ temperature cficieiicy,” not only on account of gen- 
erally lower indices but also on account of the premature 
end of its season while the “index” values are still coni- 
parat>irely high. This does not appear to have been 
t,lius ciiiphnsized lwfore. 

Whilc the general trend ancl slope direction of the graphs 
is, on the whole. much the same for the temperature and 

owth in both cases, as has been noted, yet it is clear 
Foni figure 3 t.liat tlie two graplis are not parallel in the 
case of eit.her station. In both pairs of graphs the one for 
dry weight8. increases in generd more rapidly to its 
masiinuiii region than does that for “ tem mrature 
efficiency,J’ and it also fulls niore rapidly after t I ie maxi- 
mum region is passed. For both stations tlie growth 
graph pa.sses somewhat above that for tem ierature, thus 
iiitersect.ing it a t  two p0int.s. For Eastmi t i c  \ two graphs 
coincide for the sixth observation period, being wbi- 
t.rarily so nrraii-ed, RS above sbatecl. An unexplained 
feature occurs For ’ t,lie fourtali mid fifth periods of t41ie 
Eastoii series, in that the graph of clry weight exhibits 
an appnrent,ly inconsistent concavity upwards in tlis 
region. By referring to ligure 1, and comparing the 
graphs of evaporation :md of clry weight production of 
soy bean plants, it nppcars that this c.oncavity upwnrds 
of tlie grnpli of the growt.li rate in periods 4 and 5 cor- 
respoiids to a similar concavit,y u ,ward in the graph of 

suggest.s t i  possible esplm :Ition of the behavior of the 
growth rnt.es iii  these two periods, t.lie dntn here presented 
we not suKicient for a critical discussion of the proba- 
bilities. For the y s e n t  discussion, therefore, this con- 
cavity upward wil not be further considered. 

Tho general lack of parnllelisni between the two graphs 
of each pair (t1ia.t is, the differcnc.e between the slope 
values or rates or rise and f d )  in figure 3 seem t.0 indicate 
thst the higher beniperatures mere relatively more 
efficient in producing dry wei h t  niat,erinl in these plants 
than wrre the lower ones. !’lius, for Enston, a “tem- 
perature indes” of 88.5 (eighth period) corresponds to a 
relative dry weight of 66 (t-lie ratio of these numbers 
bein- about 9.751, while a “ temperature indes ” of 100 
(si& period) corresponds to a “dry-wei h t  index” of 100 
(t*lie rnt.io of these being nrbitrarily fisec Y a t  u1iit.y). This 
diff e r w w  between t,he relative efficiencies, in eiieral, of 
t.he ~iiglier nnc~  lower t,emperatures n. pear to%e a very 
real frat,ure of t.licse results, one whic 7 i is well worthy of 
furtlicr qua.nt,it.e.tire study. Just, what condit.ions may 
control it is a t  present impossilde t.0 decide, but, it  niay 
here be suggrst.cd t,li:i.t. this peculiar reln t,ion between the 
two grtjplis :IS herc presented may possibly be related to 
one or more of t.hrec different considcrations: (1) The 
assunictl niiiiiniuni temperature for the growth of the 
p1ant.s (40°F.) iiitty he too low for soy bean. This seems 
somewhat. irobnbie, since tlie indicated growth is so ver 

(Easton, twelfth period). (2) The method here employed 
for deriving “ temperature efficiency’’ from the mean 
Fahrenheit temperatures (subtracting a certain number 
from each of the latter) may not be at all appropriate for 

evaporu.tion iiit.0 the a.ir. While t / lis coincidence n.t least, 

low wit,li t. \ ie iiioclerat.ely high temperature of 5 8 . 3 ” z  
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other than rough approximations within a narrow range of 
temperature. Ths is rendered probable by the studies 
that have been reported on the “ temperature coefficients’’ 
of plant growth.8 (3) Some other environment.al factor, 
besides temperature, may be influential here; if such be 
the case it appears to be some factor rather closely re- 
lated to tem eratures in its seasonal march, being more 
effective wit{ high temperatures than with low ones. 
Such a possible factor is perhaps sunshine int,ensity, for 
which, as has been noted, adequate niexsuremeats were 
not available in the present study. 

CONCLUSIONS. 

While the studies briefly report,ed above are to be re- 
garded as simp1 of a pre1hiiina.ry nature, several valuable 

test.s have been made of severa. new methods of approach 
to the general problem of relations between plant growt.11 
and eiirironnientd conditions and t,hese nre here recorcled. 
In the second place, some quite tentat.ive but neverthe- 
less apparent,ly important results linve been ob tninecl con- 
cerning the teniperature and other climatic relations 
between the two particular stmations here dealt wit.h. 

Per1ia.ps bhe most important nc1vanc.e in methods here 
considered is that which involves the employment of like 
seeds grown in small pot,a of like soils, for approsiniabely 
equal and coincident short periods of observation a t  t*lie 
different st.at.ions. This procedure amount.s to the em- 
loyment of the plant itself as an integrating instrument 

for (or an indictttor of) the effectiveness of the environ- 
mental complex as this influences plant growth during 
such short periods. These plant indicators are, of course, 
used up in obtaining the summat,ion for each short 
period, and new p1ant.s are st,arted frequent,ly (as tsliougli 
new instruments, sct crt zcro, were thus instailcd) so as to 
give L continuous series of overlapping iiit,egra.tions. By 
employing the stinie soil at t.he cliffwe:its ststions, the 
influence of soil is at  once removed from coniparii.t.ive con- 
sideration. In t,hese studies the effect) of precipitation 
upon soil conditio!i (water content mainly) was nlso re- 
moved from consideration b tlie emplopient of the 

raised the soil moisture cont,ent considerably above the 

7 points seem to f lave been brou h t  out,. In the first place, 

auto-irri ator, which eflective Q y prevent.ed tlie soil masses 
of the cu 7 ture pots from ever becoming very dry. Rains 

of daily tempera- 
tenipern.tures 

in this sort of work is c.learly shown. 
In the handling of tlie various kinds of data resulting 

from these series of measurements a method which is not 

loyecl in this sort of work: has  been resort:ed t.0, and is 
!lustrated in the foregoing treatment of t.he relat.ion 
between temperature and growt.li. We have . deduced 
average mean daily “ tenipernture efficiencies,” or ‘ ’ t.em- 
perature indices,” from the mean da.ily sir t,em iernt,ures 
(OF.) by subtracting 40’ from the mean, on t t ie rat.lier 
common phenological sup osition that plant growt,h be- 
gins only above 10”F., ant! that esch degree of t,enipsra- 
ture above this oint represents the sanie iiicrenieiit of 
“temperature e 8 ciency” for growth. These “indices ” 
were then reduced to terms of the particultir tempera, 

new, but which seems not t.o have been gener a. 11. 1- em- 

ahhwbnuer, P.A.,Qrowth of maize seedlings ia relation to temperature. Physiol. 
reSetuCha, 1814,1:247-288. 

ture index” t-hat corresponds to the highest growth rate 
encountered in these two series of observations. Thus 
tlie I ‘  temperature efficiency” (mean daily temperature 
.in.i.itus 40) for the sisth observation period a t  Easton 
was taken as unity and all other temperature effic.iencies 
(for 0a.kland as well as Easton) were stated as hundredths 
of this assumed unit. A similar treatment of the growth 
rates, using the rate a t  Easton for the sist.h period as 
unity, brought the growth rnt,es and ‘ temperature 
indices ” throughout into a conipara.ble series. This 
method allows the “int.ensit.y” or “index” of nny en- 
vironmental fact,or and t,he rate of any plant process, a t  
a.ny station and for any period, to be espressed in terms 
of the corres onding inclex or rate for any other station 
or period. f l ius ,  for esnniple (see fig. 31, the growth 
rate for t,he third period at Oakland is 
t,he assumcd unit, of growth rate a.nd 
efficiency for the same period is givcn 
pa.rable unit, for ea.& re resent.s the degree of divergence 
of the respectivc vtilues f roni the corresponding values at 
a st>atecl time and place, which are taken as the standard 
of comparison. By niaking the units of different features 
correspond to the same observat,ion period, the seasonal 
marches of the different features may be directly com- 
pared. 

The present comparison between plant growth and 
climatic conditions a t  Oakland and a t  Easton, two cli- 
iiiaticldly very different stations, has brought out several 
:Lt least interesting results, which are t.o be considered as 
direct1 applicable only for the conditions and for the 

1914. These are summarized below. 
With plcnt.ifu1 soil moisture, in a light soil, a range of 

mean daily precipitation from 0.05 centimeter (0.02 
inch) to 0.50 centimeter (0.20 inch), together with a low 
rttte of evaporation (ran in from 10 to 34 cu. cm. 
froin Livingston’s stan nrc cylindrical orous c ny cup 
ntmometer), were without noticeable in uence upon the 
growth rate of sop bean plants in t,he first month of their 
clevelopnientd history. The growth of these plants was 
apparently controlled by other conditions than that of 
wat.er. 

Under the conditions here encountered soy bean ex- 
hibited a pronounced and soniewhat regular march of ita 
growtli rate (as measured in terms of the dry-wei ht 
material accumulated in leaves rind stems during the &t 
niont,li of its growt,h from seed) throughout the growing 
senson. This rate increased to a niasimuin in the sum- 
mer and then decreased. The mkxirnum rate of produc- 
tion of dry matter occurred in the wainest part of the 
season, and the ninrch of this rate is represented by a 
rnpli of about the same generd form as that possessed 

%y the corresponding graph of air “teniperature effi- 
ciency” (considering 40’F. as the physiological zero of 
temperature for growth). Nevertheless, tlie slopes of 
these two graphs, while alike in general direction, proved 
not to be the same in magnitude; the “temperature effi- 

p1lants 
” for the procluction of dry weight of these 

was cielict s own to be relatively muc.h niore effehve wit i high 
temperatures than with-low. This feature suggests either 
that the method here employed for deducing “tempera- 
ture efficiency” from temperatures on t,he Fahrenheit 
scale may not be feasible for the plant! form and for tlie 
conditions here dealt with, or that some other condition 
aclclecl its effec,t to  that produced by temperature in the 
wa.rrner port.ion of the season. Under the conditions of 
these tests tlie growth rate tended to vary almost directly 
with the “ temperature index” when tlie air temperatures 
were low. With high air temperatures the growth rate 

plant 1 orm (soy bean) here dealt with, for the summer of 

Per dky H % 7  
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was relatively much greater than can be accounted for 
by the ' I  temperature indices" alone. The agreement in 
this regard, between the data from the two very different 
stations included in these studies, seenis t.0 suggest that 
this feature may he general for a considertilde range of 
conditions, a t  least for the plant form here considered. 

With the given soil arid soil moisture cont.cnt the in- 
tensities of evaporation esperienceil hy t.liese soy bean 
plants were apparently not sufficiently Iiigh seriously to 
overtas the process of wnt.er absorpt.ion or that of water 
conduction. Had the possible rate of water supply to 
the roots been sufficiently diminished? had tho rat.e of 
eva oration into t,he nir been sufficient.ly incretiscd? or had 
bot E of these ahmtions occ.urred together, then t,he water 
relation should have had a more pronounced influence 
u on the growth rate. It might, inclcetl, hnve ohscurecl 
t P le effects of the teniper:lture relation. As the esperi- 
inents were carried out, howevcr, the sensonid chniip~s in 
temperature were a lparent,ly niucii more ieiport.nn t 111 

mesurecl con Atiou or coliclit-ional complex. 
A comparison of the sensond march of t.he growtL ritt.e 

for Oakland wit.11 the corresponding march for Naston 
brings out three important, considerations. ( 1 Neglect,- 
ing an unexplained ~ n d  temporary fall in tlic rate, s110w-n 
for the fourth and fift,h periods a.t Enst.on, t h  gmplis 
representing these two seasonal iiiarclies have mucli the 
same general form, but the top of the East,oii graph all- 
pears fla.t, while t.li:it for Onklnnrl rises t.o n dcfiiiite nin.si- 
mum, and then rapidly falls. ( 2  As is clearly depicted in 
fi ure 3, tlie growth rates of the Onk1,zncl series are niark- 
ec 7 ly less than the correspoiiding ones of t,he Easton series, 
these quantities being rondered strict,ly compar"h1e hy 
stating all of them in tezllis of tlie growth rat.r for the 
sistli period at, Enston considered as unity. In gencwl, 
the Oakland rates are found to be froin nhout IO t,o nbout 
20 per cent or more (on t,lie basis of tlie nssunicd unit) 
lower than the corresponding rates for t.he ot.lier st.ation. 
(3) The early occurrence of frost at, Ordili~ncl hrought. the 
season to a close carlier than was t,hc case at. Easton, and 
the last gowt,li rate for the lntker stat,ioii is shown as 
markedly. lower t1ia.n any encountercil a t  0:i.klancl. The 
principle here brought out is worthy of consiclerahle em- 
phasis. For a short frost.less season, chrtrac 
a great daily rauge of temperature, t,he low 
rate may be generally espectecl to be higher in vnlue than 
the lowest rate for a longer frostless season, wit,li niore 
equable temperatures. 

the control of urowt #I than were the changes in eny otlier 

1: 

NEW ZEALAND RAINFALL IN 1914. 

By Rev. D. c. BATEB, Director. 

[Dated: Duminion Hetwrological Olrire, \\'ellingLou, Kew Zei lnni l ,  Feh. 17, l915.l 

The year 1914 will long be remembered as one of t.lie 
most trving ever esperienced by the farniers and pastor- 
alists of New Zealnnd. The winter months (June? July, 
and August), proved mild, nnc l  the rainfall, coni mred 

ficient. This dry season was followed by an  except,ion- 
ally dry spring, but added to this was n summer in which 
greater quantities of rain were. much needed. Though 
"absolute droughts," in a technical sense, were rare, and 
absolute minimum monthly rainfalls were not made in 
any long records of stations, sucli a continuation of clrycon- 
ditions was distressing, and such a succession of dry sea- 
sons had not previously been reuarded as possible in the Do- 
minion. Month after mont,li &e total rainfalls were below 

with the averages for previous \:cars, was general i y rle- 

t,lie averages for the month in previous years in most parts 
of the Dominion, but it is remarkable that in Southland 
conditions were alniost reversed, and heavy and frequent 
rains were there esperienced during the year. In the 
South Island the monthly means for previous years show 
a. fairly even distribution of rainfall throughout the whole 
year; but winter is the raiuy season of the North Island. 
Such was not the esperience in 1914, and the leading 
met.eorologicx1 feature which accounts for i t  is the ab- 
sence of ex-tropical diu turbnnces of u. cyclonic character 
itlid a count,erbdanciiig prevalence of ' I  brave" westerly 
winds which held sway clurhig the greater part of the dry 
period. 

Occasiondlv while Australis has a ' I  dry time" New 
Zca.lhnrl lins nbundant rainfalls, but both suffered in 1914, 
and it  is not.icenble that reportv from England and France 
int1icat.e that a somewhat similar and remarkable succes- 
sion of nioiiths of deficient rainfall was experienced in 
other pil.rt,s-in Eii&md ttnd France a t  least. Other 
regions ma also disclose irregu1arit.ies in t ~ e  recipitation 

alii1 stdiccl it is possible that men may recognize recip- 
rocal relut.ionships and trace comnion cosmical causes 
which tire as yet unknown. 

Scattered over the globe are thousands of observers 
who ciircfully ~ n d  pntient.ly, m c l  in the vast niajorit of 

hoods. The cumulnt,ive resu1t.s of t.heir humble devotion 
to science must uiidoubtedlj- prow of great value to  thFir 
own ininieilinte localities and the count.ries they inhabit, 
but the fruit.s of their observations may, i t  is hoped, reach 
B much higher appreciatioii in the future when more is 
known of the laws governing precipitat.ion. Rainfall, it 
inay bc reniarl;ecl, is now t,lie least cert.ain element, d- 
t,hough the iiiost im ortinit it.oni in weather forecasting. 

cent.oges of rainfall coiiiptwed with t,lic inon thly svernges 
zit select stations during t.he severid months of the year 
in various parts of New Zea.l.lnnd. 
TABLE 1.--iIfoi~tlihy ptrwiitnycs of' ~iat~tzgc nioirtlrly raiii falls at aelected 

sttitiuirs X I P  Zc.ttlanJ tlirriiig 1914: .tiuinbtr of mon.tlu hawing falls 
n b o w  i+l ntid bcloio (-) thcir rcspcctive aiwagr.s; anti the total annual 

of t>he n-or P d, and when these can be proper B y compared 

cases roluiibarily, record the rainfall of their neigh g or- 

The following tab P e has I>een computed to show the per- 

Nal4er.. _. . .. 1 
xe\r I'l?.lillllltll 8 
M o i i i i i  n h nk i , 

Y;awrlry. . . . 5 
Palm e r s t  on 

Surtli ... . . . . . 12 
Taihapc.. . . . . . . t' 
bladerton.. . . . . 5 
\\'cllington.. . . . i 

JOUTII 1sL.c;n. 

1Tokiti::a ....... 14 
Selsnn. __. . . . . . 3 
Chrktrhurch.. . I: 
1,inculn.. __. . . . 11 
Timsru.. . . . . . . 11 
Wniinate.. . . . . . 1; 
Dunedin. _..__. 1( 
Gore.. ______.  .. 1C 
Invercargill- -. . 12 

* Was a iraction below the mean. 

P 
8 2  
3,' s?d 

- 0 1  

H - 
Incha. 

2p. 42 
31.98 
3. io 
30. w1 
35.71 

23.11 
39. a 
3538 

33.2 
31.11 
as. 11 
31.w 

11232 
28.01 
10.90 

17.99 a. 14 
31.31 
33.69 

m. 95 

40. e 


